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For the past three decades, countries have engaged in electricity reforms. This thesis sets out to 
examine the impact of these electricity sector reforms in developing countries on the 
environment. More specifically, the paper seeks to establish the impact of these electricity 
reforms on CO2 emissions. It uses a sample of 63 developing countries between 1984 and 2011 
to analyze the effects of private sector participation, regulation and renewable energy policies 
related to electricity sector generation on environmental sustainability. It considers four different 
settings to examine the impact of private sector electricity generation on CO2 emissions. 
Contrary to expectation, there is no statistical evidence that private sector electricity generation 
has any significant impact on CO2 emissions under any of the four settings considered.  
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Market-oriented reforms have become increasingly popular among countries. Various countries, 
developed and developing alike, have implemented several market-driven reforms in key sectors 
of their economies. One of the key sectors experiencing a surge of market reforms is the power 
sector. Since the last three decades, majority of the countries in the world have reformed their 
electricity industry. In general, power sector reforms are designed to increase electricity 
generation capacity and restructure the institutional and structural framework of the electricity 
industry. The rationale for electricity sector reforms differs considerably among countries, 
ranging from an aim to improve the efficiency of the sector to reducing the cost of public 
budgeting.  
Traditionally, the electricity industry has been viewed as a natural monopoly, therefore the 
existence of one firm – usually government-owned – was considered to be more efficient than 
the presence of multiple firms in the industry. Generally, the industry was organized and 
operated either by state-owned enterprises under government control (e.g. most European 
countries) or privately-owned, regulated monopolies (e.g. Japan, US, Germany, Hong Kong) 
(Erdogdu, 2014).  
Bacon & Besant-Jones (2001) suggest four main stages of electricity sector reform. The stages 
include enactment of laws to support the intending reform, institution of regulatory agency, 
vertical or horizontal unbundling of the different segments of the electricity industry and the 
divestment of assets to private investors. However, there are no hard and fast rules of how to 
implement an electricity sector reform. Hence, the degree of private sector participation, and 
development of the regulatory framework, varies considerably across countries. Countries have 
different reform goals and thus, approach the reform through different paths. Experience with 
electricity reform in developing countries has shown that implementing and sustaining workable 
restructuring, competition, and regulation is more complicated than initially anticipated. Also, 
electricity systems in developing countries vary significantly in size, structure, and resource mix 
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lack the necessary regulatory framework, experience, and skilled human resources to achieve 
stated goals and objectives (Stern, 2000).   
Furthermore, Jamasb (2006) notes that the central aim of electricity sector reforms in developing 
countries has been to attract private sector investments. Statistics from the World Bank Private 
Participation in Infrastructure (PPI) Database (2015) shows that between 1990 and 2013, private 
sector participation took place in the electricity sectors of over 109 developing countries and 
total private sector investments amounted to approximately US$699,125 million in 2534 projects. 
Private sector participation in the electricity sector has been on the increase – more new projects 
spring up than divestiture of existing assets or concession. Greenfield projects account for 
approximately 78% of total private sector investments. The distribution of private sector 
investments across different segments and regions of the world has been rather uneven. 83% of 
total investments and projects between 1990 and 2013 were in the generation segment – hence 
the focus on private sector electricity generation in this study. Distribution accounts for 6% and 
transmission accounts for 5% of total private sector investments respectively (See figure 1 
below). Also shown in figure 1 is the variation of investments across regions. While some 
regions (such as Latin America and Caribbean, South Asia, East Asia and Pacific) attract high 
private sector investments, regions like Middle East and North Africa and Sub-Saharan Africa 
attract relatively lower investments. The economic and socio-political problems such as 
insecurity, unfavorable investment climate in the Middle East and Africa are possible reasons for 
the poor investment in the regions.  
The implementation of electricity reforms impacts the environment. Electricity is generated from 
different sources of energy – renewables and non-renewables. According to IEA (2014) statistics, 
69% of world electricity is generated from the burning of fossil fuels. This raises serious 
environmental concerns as the burning of fossil fuels produces carbon dioxide – a greenhouse 
gas that contributes to global warming and climate change. It also emits pollutants that are 
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Figure 1: Developing Countries’ Private sector investments in the Electricity Industry, 
1990-2013 












Source: Author’s computation from World Bank PPI database (2014)  
The global community is making conscientious efforts to discourage fossil fuel dependency and 
further destruction of the environment. Achieving solutions to environmental problems requires 
long-term actions for sustainable development. Sustainable development is commonly defined as 
development that meets the needs of the present without compromising the ability of future 
generations to meet their own needs. In this regard, renewable energy resources are one of the 
most efficient and effective solutions. As stated by WEO 1995, a more rational use of energy is 
an important bridge to help transition from a fossil fuel dependent world to a world powered by 
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In the light of growing concerns about environmental sustainability, it is essential to consider 
how electricity industry reforms, which in developing countries has prioritized higher electricity 
production, promote environmental sustainability. This thesis attempts to underscore the 
implications of power sector reform on the environment in developing countries. 
1.2 Motivation 
Although there are different elements of electricity industry reform based on the reform model. 
The components and impacts of electricity industry reform varies considerably from country to 
country (see Jamasb et al., 2005). The countries have the discretion to implement whatever 
element they deem fit. Different components of a reform process would definitely affect the 
outcome. Also, if electricity industries with different characteristics implement the same reform 
elements then there is the tendency for the outcome of the reform to differ significantly.  
 
The impact of the power sector on the environment can either be positive or negative depending 
on the source of electricity generation. Generation of electricity from renewable and clean 
technologies would check environmental pollution, while generation from fossil fuels would lead 
to the emission of pollutants and greenhouse gases, which are harmful to the environment. While 
some reform objectives explicitly promote investments in renewable energy, others do not. The 
interaction of these market-based reforms with renewable energy policies cannot be ignored, 
especially in the light of the huge environmental costs of fossil fuel-dependent electricity 
generation. Various reform options present opportunities or barriers to electricity production 
from renewable sources. For instance, the electricity sector reforms in Uganda, Ghana and Kenya 
explicitly promote the use of renewable energy, while in Nigeria, the reform is geared towards 
increasing electricity generation capacity irrespective of the source.  
 
The myriad of environmental problems, insecurity of energy supplies and global climate changes 
have attracted the attention of international agencies, organizations and the world at large. 
Experts suggest that investments in renewable energy can significantly contribute towards 
reducing dependence on fossil fuels. Promoting innovative renewable applications and 
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reducing emissions at local and global levels. This will also contribute to the improvement of 
environmental conditions by replacing conventional fossil fuels with renewable energies that 
produce little or no environmental pollution and greenhouse gases (Omer, 2008). Electricity 
generation from renewable sources has been on the increase in the last two decades (see figure 2 
below). Many countries have launched renewable energy policies in a bid to encourage 
investments in renewable energy. 
Figure 2: Electricity production from renewable sources in Developing Countries 
 
 Source: World Bank’s World Development Indicator (2015) 
 
However, Ruiz-Mendoza & Sheinbaum-Pardo (2010) point out that over a decade after the 
reforms, results for selected countries shows that the energy consumption of the electricity sector 
is more dependent on fossil fuels than before the liberalization process, and therefore carbon 
dioxide emissions related to electricity sector have grown at a higher rate. The goal has always 
been to guarantee profit for private investors rather than conserving the environment. It is not 
until recent years that some countries have adopted policies that promote the use of renewable 
energy sources in electricity supply. However, the benefits from the implementation of such 
policies are not automatic because the legislative measures might be in conflict with the profit 
expectations of the private sector. Specific regulatory frameworks and institutions are needed to 
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Figure 3 is a scatterplot showing a strong positive relationship between private sector 
investments in electricity industry and CO2 emissions from electricity and heat in developing 
countries.   
Figure 3: Scatterplot of Private sector investment in Electricity and CO2 Emissions in 
Developing Countries  
 
               Source: World Bank’s World Development Indicator (2015) 
 
Figure 3 suggests that as reforms progress and private sector investments rise in the electricity 
industry, environmentally harmful emissions from the industry tend to rise. However, electricity 
industry reform is not only about private sector participation. There are other components of 
reform which play a large role in conditioning the actual reform outcomes. Well documented in 
the literature is the institutional setting under which the post-reform industry players act. These 
institutional structures include regulation and enabling laws. Considering these, this study 
attempts to show how the various electricity industry reform components, as well as their 
complementarities, shape the achievement of global environmental goals. The relevance of the 
questions addressed in this study is best appreciated when one considers the huge progress that 
has been made in electricity reform in developing countries – which in itself is judged a big 
success by researchers – and how humanly damaging, in a futuristic sense, these supposed 
success would be if they are not environmentally benign and yet remain untamed. It is 
inconsistent for the world to prioritize environmental sustainability and at the same time 
prioritize reforms that promote the use of unsustainable environmental resources. Highlighting 
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1.3 Research Hypotheses 
This paper sets out to test empirically the impact of electricity sector reforms on the environment 
in developing countries. More specifically, the paper seeks to ascertain whether the reforms 
increase or decrease CO2 emissions from electricity generation. With this in mind, the paper 
attempts to find answers to the following questions: 
i. What are the individual effects of private sector participation, regulation and renewable 
energy policies, as components of electricity sector reforms, on environmental 
sustainability? 
ii. Is the effect of private sector participation on CO2 emissions dependent on different 
regulatory regimes or the existence of renewable energy policies? 
iii. Does the impact of renewable energy policies on CO2 emissions in developing countries 
depend on the presence of a regulator? 
To provide answers to these questions, we develop a number of hypotheses. 
 
Electricity generation from renewable energy sources are plagued with high production costs 
(Karakosta et al 2013). The liberalization of the electricity industry is aimed at improving the 
overall welfare of the economy, while the private sector earns economic profits. Since the 
fundamental goal of private investors is profit maximization, it is largely unlikely that they 
would invest in a more costly technology. Indeed, most privately owned power producers 
generate electricity from fossil fuels (Ruiz-Mendoza and Sheinbaum-Pardo, 2010). It is therefore 
expected that increased private sector participation in the electricity industry would lead to 
higher CO2 emissions. The first hypothesis is developed from this argument. 
 
Hypothesis 1a: Private sector participation in electricity generation leads to higher CO2 
emissions. 
Markets are regulated to ensure economic efficiency and to mitigate market failures so socially 
desirable goods and services are provided or protected.  One model of regulation will not fit all 
electricity sectors. Characteristics such as whether a system is state-owned or privatized, 
integrated or unbundled, competitive or monopolistic, or in a developed or developing country 
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system. However, various regulatory models can be adopted to encourage the development of 
sustainable energy technologies (UNIDO & REEEP 2008). According to Laffont & Tirole 1993, 
the primary purpose of a well-designed regulatory system is to protect consumers from 
monopoly abuse, while providing investors with protection from arbitrary political action and 
incentives to promote efficient operation and investment. The motives for regulation in 
competitive markets include economic efficiency (e.g. the prevention of market abuse); 
consumer protection (e.g. to keep prices down); environmental protection (e.g. to reduce harmful 
emissions such as CO2, SO2, NOx, etc); social justice (e.g. to ensure universal supply); and 
security of supply (to keep the lights on) (UNIDO & REEEP 2008). The functions of the 
regulator can be formulated in line with the primary objectives of the reform goals. This study 
expects that the introduction of an independent regulator in the industry would lead to a decrease 
in CO2 emissions. The following hypothesis will therefore be tested: 
 
Hypothesis 1b: Existence of an independent regulator leads to a decrease in CO2 emissions, 
hence encourages environmental sustainability 
Countries with renewable energy policies tend to encourage investment in renewable energy 
technologies. They do this by creating incentives for independent power producers to produce 
environmentally benign energy. These incentives include feed-in tariffs, subsidies etc. The 
relevant hypothesis therefore follows thus: 
Hypothesis 1c:  Existence of a renewable energy policy leads to a decrease in CO2 emissions 
Most of the reform components would not be effective if introduced alone. This study therefore 
considers the relevance of reform complementarities, and controls for possible interactions. 
Many of the benefits that are attributed to private sector participation have arisen from a wider 
set of regulatory reforms that foster private sector participation (Estache et al, 2001). This 
reflects the requirement that private sector participation needs to be supported with significant 
legal, regulatory and institutional changes in most developing countries, and that ownership 
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Hypothesis 2: Possible interactions of market reform components would lead to environmental 
sustainability in developing countries 
The empirical methods employed in testing the above hypotheses are discussed in chapter three. 
1.4 Thesis Outline 
This thesis is divided into five chapters. Figure 4 below presents the outline of this thesis.  































THEORETICAL FRAMEWORK AND LITERATURE REVIEW 
2.1 Theoretical Basis 
Researchers and scholars have argued for and against the idea that the implementation of market-
based electricity reforms in developing countries would be beneficial to the environment. 
Supporters based their arguments on two fundamental assumptions. First, private electricity 
generators are likely to have better levels of environmental outcome than state-owned companies 
because they command superior compliance technologies and are more responsive to formal and 
informal regulatory pressures than their counterparts in the public sector (IEA, 2001). Second, 
the private investors in developing economies will make investments in generating capacity 
similar to those made in many developed economies such as the UK that have restructured their 
power sectors. These include gas-based combined-cycle gas turbine (CCGT) plants whose low 
capital costs have made them popular with private electricity generators (Branston, 2002). This is 
significant since gas-fired CCGT plants are less polluting than the conventional coal-fired ones 
which have long been favored by state-owned utilities (Justus, 1997; Smeloff &Asmus, 1997). 
 
On the other hand, opponents have questioned whether the environmental gains associated with 
restructuring in the developed economies will necessarily be replicated in developing ones. This, 
they suggest, is because the starting point for electricity sector reform differs significantly 
between these countries. In developed economies, restructuring has been in an environment with 
enabling and effective regulatory framework. Similarly, measures to involve the private sector 
have been accompanied by structural reforms to promote competition in the sector (Bruggink, 
1997; Brennan et al., 2002). This differs with developing countries where capacity shortages 
prevail, regulatory institutions are weak and private power generators face limited competition in 
supply. Consequently, there is little or no guarantee that developers in these countries will make 
similar investments, including environmentally beneficial ones (Rosenzwieg & Voll, 1997; 
Forsyth, 1999; Perkins 2005) 
 
In addition, the theory of induced innovation, which predicts that firms will invest in Research 
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